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DISPOSITIF CF. CCr%^/c:RSiON FLr:CTRDCHIMIOJF 
FT GrNFFV^TcLR ELriCTROCHIMTOJ?: A ELFICTRODF RFO-'ARGFABLE 
F.N N/ATFRIAU FLECTRO-ACTIF 

La presente invention vise i " arnsi icra t ion de la 
conception et des conditions de f onct ionnernent des 
generateurs ou sccumulateur s e 1 ectroch imiques tels que ceux 
que Pon peut destiner h 1 ' a 1 imenta t ion energetiq*:e dfts 
moteurs de vehicules. 

O'ijne rronifere gen^rale, pour cette application 
comme pour d'autres applications industr iel les analogues, 
on chsrche notanmsnt a pouvoir regenerer i • accumu ia teur 
fr^querrment entre des periodes de f one 1 1 onnemen t en • 
ci^choryc alectrlque, qui peuvent ttre nonibreuses et plus ou ' 
moins breves, sans que I'on soit oblige pour autant de le 
demonter. C'est d'ailleurs dans ce mSme contexte que I'on 
appr^cie vivement les par t icu lar i t^s des Electrodes rechar- 
geables mdcan iquement en matfiriau 41ectro*act i f consorrmable 
auxquelles I'invention s'int^resse plus par t icu 1 iferement . 

Plus pr^cisement, pour amSliorer la conception et 
les conditions de f onct ionnernent de g^n^rateurs 61ectro- 
chimiques, I'invention propose de rendre automatique la 
recharge en materiau ^ lec tro-act i f consonrmab le d'une 
Electrode rechargeable. Elle concerne de ce fait un proc6d6 
de conmnande de 1 ' al imentat ion en mat^riau actif d'une 
Electrode rechargeable de g6n6rateur ou accumu lateur Electro- 
chlmique. ainsi qu'un disposltif permettant la mi se en 
oeavre de ce precede et un g^n^rateur £ lectroch imique h 
electrode rechargeable comportant un tel dlspositif« 

File s'applique plus par t icu 1 ieremen t aux g6n6ra- 
teurs d lectroch imiques qui comportent deux systemes d'Elec- 
trodes en contact avec un electrolyte, I'un desdtts systemes 
6tant constitu6 pour sa partie active par des particules 
mdtalliqucs consomnables en un nnatEriau t ler tro-act i f , corrme 
par exemple un g6nerateur Electrochimique du type de celui 
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deer it dans .la demande dc brevet frangais de la demanderesse 
n° S8 15703. 

Selon sa caracter i st ique principals, la presents 
inveniion concsrne un precede de conversion c iectrochimique 
utilicant un generateur e lectroch imique h electrode rechar- 
geable en materiau e lectro-act i f consorrmab le, sous lormc 
sollde divisee, prelevd dans un reservoir associ^ audit 
generateur pour alimenter une pochette limitant iadite 
electrode, caractiSris^ en ce qu ' i 1 cons i s te k conmander 
1 ^ a i irr.sn t a t i on ce lacite pochette en rnaleriau elect ro-£Dtif 
en fonction d'une variation de potential d6celee localement 

Un tel precede vise done a maintenir auton^tique- 
ment le renrp 1 i ssage de U pochette tel que les caracteris- 
ticues du g^ndrateur restent pratiquement inchang^es a un 
niveau optimal, ce qu'il realise en faisant intervenir la 
difference de potentiel existant en fonc t ionnemen t entre 
P^iectrode active et 1 ' ^ lectroly te. 

Selon une caracter i s t ique part icul ierement avanta- 
geuse du proced6 suivant I' invention, la variation de poten- 
tiel est ddceli^e en mesurant la difference de potentiel 
apparaissant en f onct i onnement entre deux sondes dont une 
premiere est placee dans ladite pochette et dont une seconde 
est en permanence en contact avec un electrolyte dans lequel 
baigne ladite electrode ; et les particules solides dc mate- 
riau 6 lectro-act i f consonrmable contenues dans ledit reservoir 
y sont tass^es par gravity, 

. La variation de potentiel ainsi decelee permet 
d'ef-fectuer une detection de niveau de particules solides 
contenues dans la pochette. En effct, des que la premiere 
sonde placee dans la pochette n'est plus en contact avec 
des particules de materiau e lect ro-act i f , on observe une 
variation de potentiel. Cela permet de ddtecter I'instant 
oCi reiectrode a besoin d'etre rechargee en materiaux 
eiectro-act i f s. 

Le pos i t ionnement de la premi&re sonde dans la 
pochette par rapport au fond de cette derniere definit le 
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niveau a partir duquel I 'electrode doit §tre rechargee pour 
que les caracter ist iques du generateur restent Inchangees. 

Un autre but de 1' invention est de proposer la 
realisation d'un g^n^rateor 6 1 ectrcch imique a Electrode 
5 recharger.b Is comportant des rroyens propres a mettre en 
neiivrp !e nrnr^de SGI OP 1* invention* 

Avantageusement , le reservoir de matdriau dlectro- 
actif que comporte le generateur, comprend un sas inter- 
mediaire s^parant un volume superieur dudit reservoir de 
IQ mcyens d' imsntat ion en mater isu electro-actif de 
1 ' e lectrode. 

L -ut i i i sat ion d'un volume ou sas intermedial re 
permet de fixer la dose de particulcs de mat^riau Electro- ^ 
actif a deverser dans I'^lectrode rechargeable pour permettpe 

15 a celie-ci de retrouver un niveau de charge adequat en 

particules consonrmab les , ledit volume jouant ainsi le role 
d*un sas d ' al imentat ion par une dose prede terminee de 
materiau e lec tro-ac t i f pour le g^nSrateur ^ lectro-chimique. 
II permet en outre d^Sviter que le materiau remplissant le- 

20 volume superieur du reservoir soit souill^ par un aerosol 
provenant de 1 'electrolyte. 

De plus, cela permet de preparer une dose unitaire 
de particules a deverser dans la pochette et par ce biais 
d*iviter que le niveau de renrplissage de la pochette atteigne 
25 le niveau de Telectroly te* 

Le generateur comporte avant ageusemen t des moyens 
de transfert de particules de matSriau g lec tro-ac t i f depuis 
ledit volume superieur vers ledit sas interm^diaire. 

Un autre but de la pr6ser.te invention est de 
30 proposer un precede de comnande de 1 * a 1 imen t a t i on en 

materiau € lec tro-ac t if d'une Electrode rechargeable pour un 
gendratcur § 1 ec t roch imi que selon 1* invention, 

Le precede de conmande selon r invent ion comporte 
avan tageusement les etapes suivantes consis^ant : 
35 - a mesurer la difference de potentiel entre iesdites 
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premiere et seconde sondes ; 

- a declencher I'ouverture de moyens d' a 1 irrentat ion en 
mat'iriau ^ lectro-act i f de ladite electrode des que ladite 
difference de potentiel cevient inferieure h un seuil 
minimal predetermine ; 

- a declencher la fsrmeture desdits moyens d' alimentat ion 
des que iadite difference de pccentiei devient superieure a 
cn ssuil rrcximal predetermine. 

Selon une car ac t6r i st ique par t iculieremen t avpnta- 
geuse du precede de comnnande selon 1* invention, celu5-ci 
consiste s imu 1 tanermn t a declencher Touverture desdits 
moyens d' al imentat ion et k actionner des moyens de tempori- 
sation de Touverture desdits moyens de transfert, lesdits 
moysns de tempor i sat ion declftnchant i'ouverture desdits 
moyens de transfert a I'expiration d ' un premier intervaile 
de temps predetermine, superieur a 1 ' in t erva I le de temps 
necessaire pour deverser le contenu dudit sas intermed i a i re 
dans ladite electrode, et declenchant la fermeture desdits 
moyens de transfert au bout d'un second intervaile de temps 
predetermine, permettant le remplissage dudit sas intermfi- 
diaire par deversement d'une partie du contenu du reservoir. 

Selon une variante de realisation, la fermeture 
desdits moyens dc transfert est d^clenchde par une detection 
de niveau de remplissage dudit sas intermSdiaire. 

Le materiau 61ectro-act i f utilise selon Pinvention 
est constitue de preference de billes ou de granules ou de' 
petits cylindres obtenus par decoupe de fils. 

Avant ageusemen t , le gdnerateur d lectrochimique 
selon l*1nvention comporte des moyens de mesure de la 
difference de potentiel entre ladite electrode rechargeable 
et I 'electrolyte, et une unite logique dc comnande 
comprenant d*une part des moyens de comparaisoh de ladite 
difference de potentiel par rapport a un scuil minimal et 
un seuil maximal predetermine, et d'autre part, des moyens 
de comT.ande dec moyens d ' a 1 imentat ion de ladite electrode 
en materiau e lectro-act i f • 
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Los moyens ds mssure comportent avan tageusemen t 
une preiT.ierc sonde elsctrique placee dans la pochette 
limitant !'6icctrode rechargeable et reliee par 'jn premier 
ccnductsur electrique isole a ladite unite logique de 
corrrrsande, et unc ssconde sonde electrique en contact 
permaneni: avec i * e i ec tro 1 y te et relive par un deuxi^me 
conducteur electrique iscl^ h ladite unit^ logique de 
corrmande • 

Cette unit6 logique de connrrande ccmporte avanta- 
geussment un comparateur dc tension et un relais de 
conmande declenche par ce conparateur, 

Dcr.c 1 * cpp 1 i ca t i cn a un generateur electrochimique 
coiTiprenant un vciurne in termsd i a i re d ' a i imen ta t ion . ou sas, 
le dispositif ccmporte Ce preference des moyens de tempori- . 
cation de I'ouverture desdits moyer^s de transfert du sas 
intermediaire, lesdits moyens de t empor i sat ion ^tant 
declench(5s par ladite unit6 logique de cormiande. 

Ces moyens de tempor i sat ion peuvent etre dimen- 
sionn^s de sorte a perfMcttre I'ouverture des moyens de 
transfert une fois fermes les moyens d ' a 1 imentat icn et de 
Gorte a permettre la fermeture desdits moyens de transfert 
au bout d'un second intervaUe de temps correspondant au 
temps necescaire au remplissage dudit sas intermediaire. 

La pr^sente invention a encore pour objet de 
fournir les moyens de transfert et d * a 1 imentat i on propres i 
mettra en ccuvrc Ic precede de i' invention dans un 
generateur d 1 ec t roch imique selon I 'invention. A cet effet, 
le gdn^rateur scion I'invention se caracttfrise en ce qu ' i I 
comporte au moins un premier organe obturatcury notarrment 
"du type boisseau ou glissiere, propre h permettre periodi- 
qucmsnt la mise en communication d'une structure collectrice 
ric Iridite electrode avec le reservoir de particules electro- 
actives devant olimentcr ladite structure. Ce premier organe 
obturateur constitue les moyens d ' a 1 imen t a t i on • 

De maniere par t icu llferement avantagnuse, le g^n^- 
rntcur comporte un Gcccnd obturateur, nctcnrment du typo 
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boisseau eu giissifere, propre a permsttre p^r : od iquemsn t la 
mise en corrmun icat ion du sas in termed i a i re avec ledit volume 
superieur du reservoir, !e sac in termed i a i re etant ainsi 
limits par lesdits premier et second obturatears- 

^ Le sas interrrujd ia i rc est nvrin t agciin rrnr n f. dtmcnr. ionnd 

de sorte a correspondre a un volume determine de particules 
pouvant etre contenues dans la pochette, entre un niveau 
maximum haut correspondant a une difference de potentiel 
equivalent au seccnd seuil maximal predetermine, et un niveau 
10 critique bas correspondant a une difference de potentiel- 
equivalent au premier seuil minimal predetermine. 

Ledit premier obturateur est avantageusemen t 
constitue par un boisseau cylindrique dans lequel sont 
manages d i ame t ra 1 ement des *:rous permettant le passage 
15 desd i tes. par t icu les electro-actives, les trous ayant de 
preference une section allongce dans 1 ' axe du boisseau. 

Cette forme de trou a section allongesi creant en 
quelque sorte des fentes, convient par t icul i^remen t pour un 
generateur e iectroch imique dans lequel I'electrodc rechar- 

20 geable est definie par une pochette de reception des parti- 
cules de materiau e 1 ec t ro-ac t i f , notanment dans les cas ou 
une telle pochette menage en elle-meme des canaux 
definissant des zones actives propres a etre renrplies en 
materiau electro-act i f, qu sont separees les unes des autres 

25 par des zones inacttves fermees a la reception des particules. 

Afln de permettre un bon d6versement des particules, 
de preference, la largcur des fentes est egale h la largeur 
du volume superieur et du sas dans leurs parties irrmedia- 
t ement .en aval ou en amont de I ' obturateur • De plus, les 
30 aretes des fentes sont avantageusemen l en une mati^re souple 
de fag on ^ evitcr un coTnc ement des part icu les. 

Oe maniero a phrmcttre un bon deversement des parti- 
cules de materiau e I ect ro-act i f dans le sas Intermediaire, 
!e volume superieur du reservoir presente avantageirsemen t , 
35 perpendiculai rement a I'axe des moyens de trans'fcrt, une 

section decroissante en marche d^escalicr au fur et h mesure 
qu'elle est proche desdits moyens de transfert. 
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Selon un mode de realisation pr^fere de 1' invention, 
iesdits rrsoyens de transfert ccrroortent avan tageusemen t dsux 
cyllndres psralleles distants I'un de I'autre d'ur. ^cartement 

! o n o ^ omo nt infcSrietiiT« h la fraillo rise norhiriiiloc SOlidsS 
--3- - — - — ...... r--- - - - 

ccntsr.L'SC dsns le reservoir et propres a etrs fnus en rotation 
2fjtc'jr Isur Exe rsspscti' de ccrtc c cntrstnsr iss 
particules solides vers.Iedit sas intermSd i a i r e . 

Avantageusemen t , iesdi ts cy 1 indres comportent sur 
leur peripherie une epaisseur en un mat^riau souple propre 
o ctre IrgciefnenL ecrase e i as t i querr>en t au passage de 
par t icu 1 es . 

Corrme on Pa 66']h indiqu^, I 'invention se prete 
par t i cu ] 1 e remen t bien et non exc lus i vement a une application 
dans des accumu ! a t eu r s olj I'eiectrode rechargeable en 
particules de materiau 6 lectro-act i f est delimitee et 
constituee par une pochette a structure alv^olaire. 

On designe notanrment par la dans cette technique, 
des structures tr idimens ionnel ies form^es a partir de mousse 
dc nnatiere organique h haute porosity en pcres ouverts, qui 
sont rcvetues en leur sein d*un m^tal tapissant leurs pores. 
En general, la matiere organique de depart est d^truite par 
connbustion en fin de fabrication ou lors de la premifere 
utilisation, de sorte que i'on realise ainsi des supports 
d'electrode entifertment nri^ tal 1 iques, extrsmement legers et 
presentant une grande surface sp^cifique. Dans 1 ' accumu 1 a t eur 
a electrode rechargeable, cc support revolt Ies particules 
de matiere active dans ses pores, et il joue le role d'un 
col lectcur de ccurant unique sur toute la surface d'clectrode 
destinee a participer au processus ^lectrochimique, en 
cooperation avec la surface correspondantee d*une Electrode 
de polarity oppos^e, qui gen^ralement , presente au 
contrairc une surface active plane en regard. 

O'oCi I'int^rgt que I*on peut avoir k fermer 
certaines parties de telles Electrodes, ne serait-ce par 
exempic qu'cn comprimant la structure alveolaire pour 
reduire la dinnension des pores de manierc que les particules 
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de matiere active ne puissent plus y pendtrsr« C'est ainsi 
cue 1 ' on definlt des car.aux de zones actives et des zones 
inactives intercalaires. 

Par ailleurs, il est dans ce cas par t i cu I i er emen c 
5 sv3nt2ge»jx pour un ben f onct ionnement d'une telle electrode, 
que la pochette dans son ensemble, ou les canaux constituant 
des zones actives, soient dimensionnes en epaisseur de sorts 
a pouvoir recevoir i n i t ia Ien^.snt entre une et trois 
particules de materiau e lectro-act i f , ces particuiss nyant 
IG qeneralerrsnt une dimension comprise entre un et cinq 
mi 1 1 ime t res . 

En effet, 1 'experience a montrd que dans le cas oCi 
un plus grand nombre dc particules se plagaient dans 
I'^paisseur de la pochette, celles situ^es au centre 
15 par t ic ipa 1 ent tres peu ou pas du tout h la reaction 

anodique recherch^e, alors qu'elles ^taient ndanmoins le 
siege de phsnonrenes de corrosion. 

Des canaux similaires peuvent ^galement §tre • 
menages en dehors de toute structure alv^olaire par la 
20 forme donnee h une ou plusieurs pochettes limitant 
I'electrode recharge able. 

On decrira malntenant plus en details un mode de 
realisation particulier de I'invention qui en fera mieux 
comprendre les caract^r i s t iques essentielles et les 

25 avantages, etant entendu toutefois que la forme de 

realisation des materie'is decrits et les conditions de mise 
en oeuvre du proc^de sont choisies a titre d'exerr^le et 
qu'elles ne sauraient etre limitatives de la portee de 
I'invention. Cette description est illustr^e par les 

30 dessins annexds, dans lesquels : 

- la figure 1 represcnte une vue en coupe d'un 
g^ndrateur § 1 ec t roch imi que se Ion P invention dans lequel 
les moyens d' a I imen tat ion de I'^lectrode rechargeable et 
les moyens de transfert sont constitu^s par des obturateurs 

35 aglissi&re; 

- la figure 2 repr6sentc, en perspective dclat^e, 
un gen<Srateur e 1 ec t r och imique selon I'inventioni dans lequel 
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les moyens d ' a 1 imsn ta 1 1 on de ['electrode rechargeable et 
Ics moyens de transfert sent constituSs par des obturateurs 
h boisseau cylindrique ; 

- at la figure 3 represents en coupe un niode pr#f4r4 
5 de realisation des moyens de transfert scion 1 • i-nven t i on . 

Sur ces trois figures, ies memes Elements seront 
designes par les memes references et sur la premiere, on a 
represente schema t iquement les moyens de coirmandes selon 
1 ' invent ion . 

■"■^ Le generateur ^lectrochimique represente h la figure 

1 ccm.porte une cellule eiectrolyt ique unique, alors que 
dans la pratique indus tr ie I le, il comportera plus souvent 
une s^rie de cellules. 

On vo i t ainsi sur la figure, une cuve e ] ec t r o 1 y t i que 
15 1, dans iaquelle sont disposees deux Electrodes h air 2, de 
part et d*autre d*une electrode negative de type mEcanique- 
ment rechargeable en particules 3 d'aluminium grSce a un 
systems ds recharge 6. Les trois electrodes baignent dans 
un electrolyte 9 contenu dans la cuve 1. L'6Iectrbde d'alu- 
20 minium est disposee suivant I'axe de la cuve !• La cuve 1 
est fermee par un fond 5 et par une parol superieure 6 
ccmportant une ouverture centrale 7. Les electrodes a air 
du generateur sont de type classique h triple contact. Elles 
sont exposees a I'air 8 sur leur face externe et leur face 
25 interne est en contact avec 1 'e lectroly te 9. Files peuvent 
sgalement etre alimsntees en air enrichi cn oxygenc et 
constitucr des electrodes a oxygene. 

Un collecteur de courant positif 10 est dispose 
- entre la face externe des electrodes 2 et ia parol de la 
3C cuve 1. Les electrodes negatives sont reliees h un circuit 
de coliecte .11. Les particules 3 sont disposees dans une 
pochette sxiale 12, disposee pe rpend leu I a i remen t au plan de 
la figure dans ia zone mediane de la cuve, entre les elec- 
trodes. Un espaceur isolant 13 est dispose entre la pochette 
35 12 et la face interne des electrodes h air Z. Le principc 

de f onct ionnemen t de ce generateur e lec t roch imi que , ' pour ce 
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qui est de la generation ^ lect rcch imique proprennsnt dite, 
ne sers pss detaill^ ici. Pour le f onct i onnerrcn t d'un 
generateur de ce type, on pourra par exemple se reporter a 
la dsmande de brevet deposee sous le numero 88 15703. 

^ Lc dispositif 4 d * approv i s i onnemen t en particules 

sclides conccrrmab les 3 est constitu^ par un reservoir 14 
dont le fond 15 repose sur une plaque 16. 

Cette plaque 16 est fixee en couvercle sur la paroi 
superieure 6 de ia cuve 1 et comporte une ouverture ]T se 

10 siuuant dans le prolongement de la pochette 12. Le reservoir 
14 esc solidaire du fond 15 par Interposition d'un premier 
obturateur 18 constituant les moyens d ' a 1 imen tat ion en 
mat^riau ^ lectro-act i f de I'dlectrode rechargeable. Le 
dispositif conporte egalerhert un second obturateur 19 

15 constituant les moyens de transfert en materiau actif d'un 
sas in termed i a i r e 20 entre un volume sup^rieur du reservoir 
14 et la pochette 12. Le reservoir 14 est fermi par un 
capuchon 21 que I'on peut retirer chaque fois que le 
reservoir est vide afin de remplir celul-ci a nouveau. Le 

20 capuchon 21 est perce d'un orifice 22 qui assure un 

equilibrage de presslon entre Pintirieur du reservoir et 
I * extiSr ieur . 

Dans la forme de realisation representee a la figure 
1, les deux obturateurs 18 et 19 sont des obturateurs de 
25 type a glissiere* Un mouvemsnt de translation de ces obtura- 
teurs dans leurs glissieres respectives 23 et 24 assure 
respect ivement la mise en conrmunica t ion du sas in termed i a i re 
20 avec IMntdrieur de la pochette 12 et celle du volume 
superleur du reservoir 14 avec le sas t n termed 1 a I re 20. 

Le dispositif de comnande de ! • a 1 iment a t ion en 
materiau ^ 1 ec t r o-ac t i f , done en particules 3 de I'^lectrode 
rechargeable comporte une unit^ logique de comnande 25 
comprenant un comparateur de tension et un rclais. Lc compa- 
rateur de tension constitue des moyens de comparaison de la 
35 difference de potentiel d^finie par une premiere sonde 6lec- 
trique 26 plac^e dans la pochette 12, et une seconde sonde 
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electrique 27, plongeant eile dans Pelectrolyte 9. Les 
sondes 26 et 27 dSfinissent done une difference ds pctentie! 
aux bornes du comparateur de tension de 1 'unite logiqus de 
corrmande 25, en etant relives a cettc unite, chacunc par un 
conducteur electrique isole, respect ivemcnt 28 et 29. 

Cette difference de potentiel est dcstinSe a stre 
comparee avec un seuil minimal et un seuil maximal tous 
deux predetermines dans ladite unltS logique de ccnmande 
25, de sorte a dedencher le relais de cette unile de fonc- 
tion de la comparaison. 

Lbs bornes de sortie du relais permettent de trans- 
ferer I ' a 1 imsn ta t ion arrivant a I'unite logique de conmande 
25 par 1 ' intermediaire de deux conducteurs 30 et 31 a des 
moyens de comnande des obturateurs 18 et 19 par l*interms-; 
diaire de conducteurs eiectriques 32 et 33. Ces moyens de 
commande des obturateurs 18 et 19 sont constitues dans cette 
forme de realisation par des e lectro-a imants 34 et 35, ayant 
pour objet de faire coulisser les obturateurs dans leurs 
glissieres respectives, lorsque les eiectro-aimants sont 
act i v^s. 

A cet effet, 1 ' e lect ro-aimant 34 est relie 
directement a l*unite logique de commande 25 de sorte h 
ouvrir Tobturateur 18 des que la difference de potentiel 
au bord des sondes 26 et 27 devient inferieure a un seuil 
minimal predetermine, afin de deverser les particules 3 
contenues dans le sas intermed iaire 20 dans la pochette 12. 

Le second e lectro-a imant 35 est quant a lui relie 
aux conducteurs 32 et 33 par 1 * intermed i a 1 re de moyens de 
temper i sat ion 36 constitues, par example, par une horloge- 
relais qui apres un intervalle de temps predetermine 
necessaire au remplissage de la pochette 12 par le sas . 
intermediairc 20, actionnera 1 ' e 1 ect ro-a imant 35, 
provoquant alors I'ouverture de Pobturateur 19 et le 
remplissage du sas intermed i a i re 20 par deversement & 
partir du volume superieur du reservoir la d'une certaine 
quantite de particules 3. Cet intervalle de temps predeter- 
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mine est de preference dimension ne de sorte a etre 
legSremenf super ieur 3 l*intervalle de temps necessaire au 
devsrsemsnt du sas i n termed i a i r e 20 dans la pochette 12 de 
sorte a permettre que I'obturateur 18 soit ferme avant 
I'uuvercure de i'obturateur 19 par desact 5 vat ion de 

lectro-simant 34 suite a Touverture du relais de 
I'unite iogiqus de corrmande 25 en raison de I'elevation de 
la difference de potentiel aux bornes des sondes 26 et 27 
jusqu'^ atteindre le seuil maximal pr^d^termin^. 



II est en effet important que le niveau de 
remplissage de la pochette ne depasse pas le niveau de 
I *e lectrolyte. 

Lors de I'ouverture du relais de Punit^ 25, 
1 'electro-aimant 35 n'est pas pour autant d^sactive, grSce 
15 a 1 * alimentat ion separ^e 37-38 dont bdneficie I*horloge- 
relais 36 qui, apres un second intervalle de temps 
necessaire au remplissage du sas intermediaire 20,. provoque 
la fermeture de I'obturateur 19. 

On peut ^galcment remplacer les e lectro-a Imants 34 
20 et 35 par des moteurs. Dans ce cas, on place un reducteur 
sur chaque moteur en prise sur I'extremite sortante de 
chaque obturateur 18 ou 19. 

Un tel dispositif de corrmande peut s'adapter 
quelque soit le type de Pelectrode rechargeable. II suffit 
25 pour cela d'adapter le type d*obturateur a I'^lectrode 

prevue et de dimensionner les diff^rents seuils de tension 
et les dlff6rents interval les de tenps en fonction des 
caract^ristiques d^sirees. 

_ ' Par ailleurs, la position de la sonde 26 dans la 
30 pochette 12 determine* le niveau mininnum de particules que 
doit contenir la pochette pour que les carac ter i s t i ques du 
gendrntcur restcnt pratiqucment inchangees. 

Afin de permettre une bonne descente des particules 
3 dans le reservoir 14 et un remplissage optimal du scs 
35 intermediaire 20, le reservoir 14 presente une section 
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decroissante sn msrche d'escalisr au fur et a rresure que 
chaque particule s'approche de I'obturateur 19, conrme on le 
vol t sur la figure 2. 

Cette figure represents une vue en perspective 
eclatee c'un cenerateur electro-chimique selon Tinvention, 
les msmes references ayant Ste utilis^es pour designer les 
elements corm'jns avec la figure 1. Le dispositif de corrmande 
n'y a pas ^te represente pour des raisons de clarte. 

La forme de realisation representee k cette figure 
ccnnporte corrms obturateur des boisseaux cy-iindriques, 
respect ivement 39 et AO qui mettent en corrmun ica t ion 

i 'electrode reeharyesble svcc !e sas int errrvfd i a i r e . ou ce 
dernier avec le reservoir, non plus par translation dans 
une gl issiere mais par rotation du boisseau de sorte a 
orienter ver t i ca 1 emen t des orifices traversant Al dont ils 
sont munis. 

Les moyens de comnandes des cbturateurs sont dans 
ce cas de preference constitues par des moteurs propres a 
entralner en rotation les boisseaux. 

Dans un mode de realisation particulier, les 
orifices du boisseau 39 constituant les moyens d'alimenta- 
tion ont une forme de fente 42 allong^e paral Ife lament ^ 
I'axe du boisseau de sorte h permettre une repartition des 
particules plus reguilfere dans la pochette. 

Cette forme de realisation convient plus particu- 
lierement dans le cas d'electrodes h pochette h structure 
alveolaire receptrice de particules de matifere electro- 
active, ou la pochette menage en elle-meme des canaux de 
rones actives propres h etre rempJis en particules, separds 
les uns des autres par des zones inactives. 

La figure 2 montre dans la partle superieure de la 
cuve 1, un separateur 43 separant la pochette 12 des 
e lec trodes a air. 

Dans le cas d'une electrode h pochette, on a montre 
que de bons resultats ont dte atteints avec un dimensionne- 
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ment de I'epaisseur des csnaux de zones actives permettsnt 
de limiter a 5, au plus, le nombre de particules se trouvant 
h m5me niveau dans Pepaisseur, de sorte a evifcer la 
corrosion des particules situees au centre de 1 ' smp i 1 emei. t , 
ct ce!les-ci etant mouillees par 1 'electrolyts en ne parti- 
cipant que peu a la reaction e lectroch imique de generation 
du courant. 

La figure 3 represente un mode de realisation 
pr^fsre des moyens rie transfert des particulRs dp.pu'3 !e 
volume superieur du reservoir 14 vers le sas intermsdiaire 
20. Cette variante est constitute de deux cylindres 44 et 
45 parallelGS cntre eux et distants d'un tcartemsnt e 
dimsnsionne de sorte a stre legerement inferieur.a la 
taille des particules. Les cylindres 44 et 45 sopt rsvstus 
d'une couche de caoutchouc 46, 47 propre a c'ecraser 
legerement lorsqus les particules sont entralntes par 
rotation des cylindres vers le sas intermsdiaire 20. La 
rotation des cylindres 44 et 45 dans le sens des f leches 
indiquees h la figure peut Stre obtenue par un moteur 
associe. & un systeme d'engrenage situ^ en bout des axes des 
cylindres ou tout autre moyen. 

Pour des raisons de clarte de description, les 
generateurs representes aux figures 1 et 2 ont 6t6 
representts avec des obturateurs identiques pour les moyens 
d* al imentat ion et les moyens de transfert. NSanmoins on 
prtfferera utiliser pour les moyens d ' a I imen ta t i on , un 
obturateu- du type represente k Is figure 2 et pour les 
moyens de transfert, un obturateur du type represente a la 
figure 3. 

- Naturel lement , I'invention n'est en rien limitee 

par les par t icular i tes qui ont €te sptcifiees dans ce qui 
pr^c^Jde ou par les details des modes de realisation 
partjculiers choisis pour illustrer I'invention. Toutcs 
sortes de variantes peuvent gtre apportees aux realisations 
part icul iferes qui ont ete decrites h titre d'exemplc et & 
leurs elements constitutifs sans sortir pour autant du 
cadxe de I'invention. Cette derniere englobe ainsi tous les 
moyens constituent des equivalents techniqufes ries moyens 
decrits ainsi que leurs combinai sons. 
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RFVE>DICATia\!S 

1. Procsdd de conversion e lectrochlmique utilisant 
un gdnerateur electroch imique h electrode rechargeable en 
materiau e 1 ectro-act i f consofrmable, sous forme solide 
divisse, prfleve dans un reservoir (14) assccie audit 
gen^rateur pour alimenter une pochette (12) limitant ladite 
electrode, carscterise en ce qu'il consiste h corrmander 

1 *al irrentat ion de ladite pochette (12) en materiau Electro-" 
actif en fonction d'une variation de potentiel d^cel^e 
localement dans ladite pochette (12). 

2. Precede de conversion e lectrochlmique selon la 
rcvendipat ion 1, caracterise en ce que ladite variation de 
potentiel est decelee en mesurant la difference de potentie! 
apparaissant en f onct lon.iement entre deux sondes (26,27) • 
Gont une premiere est placee dans ladite pochette (12) et 
dont une seconde est en permanence en contact avec un 
electrolyte (9) dans lequel baigne ladite electrode. 

3. Precede de conversion £ lectrochlmique selon la 
revendicatlon 1 ou 2, caract€ris£ en ce que les particules 
solides de materiau e lectro-act i f consonrnable contenues 
dans ledit reservoir (14) y sont tass^es par gravite. 

4. Precede de conversion dlectrochimique selon 
l*une quelconque des revendicat ions 1^3, caracterise en 
ce que ledit materiau eiectro-act i f est constitue de 
particules, granules ou cylindres. 

5. Gensrateur e lect roch imique h electrode rechar- 
geable, caracter i se. en ce qu ' i 1 comporte des moyens propres 
8 mettre en oeuvre le precede selon I'une quelconque des 
jevendicat ions 1 a 4. 

6. Generateur e I ect roch imi que selon la revendicat ion 
5, car?ic ter i se en ce que ledit reservoir (14) de materiau 

e I ec t ro-act i f consonmable comporte un sas intermediaire 
(20) separant un volume superieur dudit reservoir (14) des 
moyens d' al in^ntat ion en materiau e I ectrc-act i f de ladite 
e lect rode. 
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7. Generateur e 1 ec t r och imi que sslon la revend i ca t i on 
6, caracterise en ce qu * i 1 comporte des moyens de transfert 
de particules de mat^riau e lectro-act i f depuis ledit volume 
superieur vnrs ledit sas intermidlaire [20). 

^ 8. Precede de comnnande de I * a i imenta t i on enmateriau 

electro-act i f d'unc electrode rechargeable pour un generateur 
electrochimique selon I'une quelconque des revend i cat i ons 5 
a 7, caracterise en ce qu'il comporte les etapes suivantes 
consistant : 

10 - a me-surer la difference de potentiel entre lesdites premiere 
et ssccnde sondes j 

- a declencher Pouverture de moyens d ' a 1 ioentat ion en mat^riau 
e lectro-act i f de ladite Electrode dfes que ladite difference 
de potentiel devient infdrieure a un seuil minimal predetermine; 
15 - a declencher la fermeture desdits moyens d'al imentat ion 

dfes que ladite difference de potentiel devient superieure h 
un seull maximal predetermine. 

9. Precede de commahde selon la revendicat Ion 8, 
caracterise en ce qu'il comporte les etapes suivantes consistar 

20 s imul tanement I declencher I'ouverture desdt ts moyens 

d' al imentat ion et k actionner des moyens de temper i sat ion 
de Touverture desdits moyens de transfert, lesdits nr»yens 
de tempor i sat i on declenchant I'ouverture desdits moyens de 
transfert k Pexpiration d'un premier intervalle de temps 

25 predetermine, superieur a P intervalle de temps necessaire 
pour deverser le contenu dudit sas intermediai re (20) dans 
ladite electrode, et declenchant la fermeture desdits moyens 
de transfert au bout d'un second intervalle de temps 
predete-rmine, permettant le remplissage dudit sas interm^- 

30 dtaire (20) par deversement d'une partie du contenu du 
reservoir (14). 

10. Precede- de cormiande selon la revendicat ion 9^ 
caracterise en ce que la fermeture desdits moyens de 
transfert est declenchee par une detection de niveau de 

35 remplssccge dudit sas interm.sdiai re (20), 

11. Generateur electrochimique selon Pune quelconque 
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des revendic2L ions 5 a 7, caract^risd en cc qu*il comporte 
des moyens propres a mettre en ocuvre le procdde selon I'une 
quelconque des revendicat ions 8 h 10. 

12. G^n^rateur 4!ectrochimique selon la revehd i cat ion 
5 11, caracterise en ce qu'il comporte des moyens de mesure 

de la difference de potentiel entre ladite electrode rechar- 
geable et 1 'Electrolyte, et une unite logique de comnande 
(23) ccmprensnt, d'une part, des moyens de comparaison de 
Isdite difference de potentiel par rapport k un s^uil minimal 
10 et Sventue 1 lement un seuil maximal predetermines, et d'autre 
party des moyens de comrande des moyens d*al imentat ion de 
Isdite electrode en materiau electro-actif . 

13. Generateur 6 lectrochimique selon la revendicat ion 
12, caracterise en ce qje lesdits moyens de mesure compbrtent 

15 une premiire sonde eiectrique (26) plac^e dans ladite pochette 
(12) limitant I'eiectrode rechargeable et relive par un 
premier conducteur eicctrique isoie (28) k ladite unite 
logique de commande (25), et une seccnde sonde eiectrique 
(27) plong^e dans 1 * e 1 ec t r o I y t e (9) et feliee par un deuxifeme 

20 conducteur Eiectrique isoie (29) ^ ladite unite logique de 
• conrmande (25). 

14. Generateur eiectroch imique selon la revend 1 cat ion 
12 ou 14, caracterise en ce que ladite unite logique de 
conrnande (25) conporte un comparateur de tension et un relais 

25 de comnande declenche par ledit comparateur. 

15. Generateur e 1 ec t roch Imi que seion i'une quelconque 
des revendicat ions 12 h 14, caracterise en ce qu * i 1 connporte 
des moyens de temper i sat ion (36) de Pouverture desdits 
moyens de transfert du sas intermediaire, lesdits moyens de 

30 temper i sat ion (36) etant dedenchbS par ladite unite logique 
de conrnande (25). 

16. Generateur eiectrochimique seion la revend i cat ian 
15, caracterise en ce que les moyens de tempor i sat ion (36) 
sent dimensionnes de sorte h permettre Pouverture desdits 

35 moyens de transfer t (19, 24,35) , une fois fermes lesdits 

moyens d ' a I imenta t i on (18,23,34), et h permettre la fermeturs 
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desdits moyens de transfert (19,24,35) au bout du second 
Intervalle de temps n^cessaire au remplissage dudit sas 
interm^diaire (20) • 

17. Generateur € lectrochimiqye selon I'une 
quelconque des revendica t ions 11 a 16, caractdrise en ce 
qu'il comporte au moins un premier organe obturateur (18,39), 
de type boisseau ou glissiere, proprc ^ permettre psriodique- 
ment la mise en coriTnun ica t i on d'une structure collectrice 

de iadite electrode avec ledit reservoir de particu^es 
61 ec tro-ac t i vss devant alimenter ladite structure. 

18. Generateur e lectrochimi que selon la revend icat ion 
17, caractdrise en ce que ledit premier obturateur (39) est 
constitue par un boisseau cyiindrique dans lequel sont mSnag^s 
diametralcment des trous permettsnt le passage desdites 
partlcules Electro-actives, lesdits trous ayant de preference 
une section allongSe dans I'axe du boisseau. 

19. Gendrateur 6 lec tr och imi que selon I'une quelconque 
des revendicat ions 11 k 18, caract^ris^ en ce qu'il comporte 
un second obturateur (19,40), de type boisseau ou glissi&re, 
propre h permettre p6riodiquement la mise en comnun icat ion 
dudit sas intermedlaire (20) avec ledit volume supErieur du 
reservoir (14), ledit sas intermedlaire (20) Etant ainsi 
limite par lesdits premier et second obturateurs. 

20. Generateur eiectrochimique selon I'une quelconque 
des revendi cat ions 11 a 18, caractdrise en ce qu'il comporte 
un second cbturctsur ccnstituE de deux cylindres (A 4, 4 5) 
paralleles distants Tun de Pautre d'un dcartement (e) 
leg^rement inferieur k la taille des partlcules solides 
contenues dans le reservoir (14) et propres h etre mus en 
rotation autour de leur axe respectif de sorte a entratner 

les particules solides vers ledit sas intermedlaire (20). 

21. Generateur eiectrochimique selon la revendicat ion 
20, caracterise en ce que lesdits cylindres (44,43) comportent 
sur leur peripheric une epaisseur (46,47) en un materiau 
souple propre h Stre legferement Scrasd eias t iqucment au 
passage de particules. 
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22. Generateur e Isctrochimique seJon Tune quelconque 
des rcvendications 11 g 21, caracterise en ce que le volume 
siip«lr!eur du reservoir (14) presents perpend icu 1 a i rp.ment h 
I'axe des moyens de transfert, une section ddcroissante en 
rnarche d'esc2!:cr fur ct 5 rresure qu'elie est* plus proche 
desdits moyens de transfert. 

23. Generateur 6 lec trochimique seion I'une qcclccnqys 
des revendicat ions 11 a 22, caract6ris6 en ce qu'il comporte 
au moins une Electrode rechargeable i structure alvgolaire 
rsceptrice de particules de matl^re electro-active, formant 
une pochette rnenageant en cile-rreme des canaux de zones 
actives propres a 6tre remplis en matiriau e 1 ec t o -ac t i f , 
sipares les uns des autres par des zones inactives. 

2^. Generateur e lec troch imioue selon I'une quelconque 
des revendicat ions 11 k 22, caracterise en ce qu'il ccmporte 
au moins une e'lectrode rechargeable d^Iimit^e par une pochette 
h canaux de zones actives propres h 6tre remplis en mat^riau 
electro-actif , sfpar^s les uns des autres par des zones 
inactives. 

25. G^nSrateur e lectroch imique selon la revendicat ion 
23 ou 24, caracterise en ce que lesdits canaux sont 
dimensionn^s en ^paisseur de sorte h pouvoir recevoir 
initialement entre 1 et 3 particules de mat^riau eiectro- 
actif et en ce que cks particules ont une dimension comprise 
entre 1 et 5 nrm. 



2669775 



l/D 

22 21 

v/////Xv/-> 



. . ///^777777X 
^/////>x////a ~ 



9^ 




REPUBLIQUE FRANCAISE 

INSTITLT NATIONAL 
de la 

PROPRIETE INDUSTRIELLE 



RAPPORT DE RECHERCHE 
etabli sur la base dcs dcrnicres rcYcndlcatioDS 
deposeis avant Ic commencement de la recherche 



2669775^^^^ 

Biiioaal 



FR 9014797 
FA 450855 



noniMENTS CONSIDERES COMME PERTINENTS 



CitadoD do doncDcoC avee iodicaiioB, en cas de bcsoin, 
dtg partiw perdacfUcs 



V 
A 



Y 
Y 

Y 
A 



A 

D,A 



'^r-L-z 717 7S2 



. (FIAT S.p.A.) 

* Revendi cations 1,3,5,8; figures 2,4; 
pcge 5, al'-nea 2; page 5, alir.eas 4-5 * 

GB-A- 110 396 (STANHOPE FRANKLIN 

TYLER) , , . 

« Figures 1-5; page 1, ngnes^ ^ 

11-20,23-32; page 3, lignes 4*--- 

FR-A- 354 021 (M.E. HEYMANN) 

* Figure 3; page 2, lignes 48-54 

US-A-4 198 475 (S. ZAROMB) 

* Revendi cations 1,15; colonne 10, 
lignes 28-39; colonne 10, lione 61 - 
colonne 11, ligne 16 * 

WO-A-8 O02 344 (S. ZAROMB) 

* Figure 3; revendi cations 1,4,7 

EP-A-0 371 883 (SORAPEC) 

* Revendi cations 1,7,8,9,10 * 



Rcvndicatieot 
4* la 4«s*a4e 



I. 3-8, 

II. 12. 
14,22. 
24 

24 

24 
1.24 

|l 
23 



OOMjUNES TCCHNIQUS 
REOIEIICHES at. OS) 



H 01 M 



Usti d'KMwmt * is mterchc 

14-08-1991 



O'HONDT J.W. 



CATXCORICDCS DOCUMENTS OlES 

X : paniccUcfcmenl pertinent 4 loi . 

Y: paniailicrefDenl pmiofnt tn combiM.son aw oo 

aunt documeat de la mimt otejone . 
A : p«ttB«t i r«conire d'ao moias naj rcvcodicatios 

eu aniert-ptoD tecbootoe^oe (iacial 
O : divulgatioo eoo-toiie 
? I docnweflt tiitcrcatoire 



T : lhw\t 00 principe i Ja baae de rinveniioa 

E : docnmeni de brevet beocficiaot d'uoe date anterieirrt 

a la dale dt depfli ci qui B'a M publii qVa eritt dalt 

de dcput ou qu'a ddc date postcricttrb 
D : ciic dans ta deotande 

L : die paor d'autrcs raisoM 

& : membrc d« la mine rattillc. dftCBmeet eont5r«ftda»i 



(19) FRENCH REPUBLIC 

NATIONAL INSTITUTE OF INDUSTRIAL PROPERTY 
PARIS 

(11) Publication no.: 2 669 775 
(use only for ordering copies) 

(21) National recording no.: 90 14797 

(51) Ini. Cl.^ H 01 M 8/04, 10/42//B 60 L 11/18 

(12) PATENT APPLICATION Al 

(22) Date filed: November 27, 1990 
(30) Priority: 

(43) Dale application laid open to public inspection: May 29, 1992 Bulletin 92/22. 

(56) List of documents cited in the search report: See the end of the present copy. 
(60) References to other related domestic documents: 

(7 1 ) Applicant(s): SOCIETE DE RECHERCHES ET D ' APPLICA TIONS ELECTROCHIMIQUES 
SORAPEC (Societe Anottyme)''FR. 

(72) Invenior(s): Bronoel, Guy; Millet, Alain; and Tassin, Noel. 

(73) Paieniee(s): 

(74) Representaiive(s): Thibon-Littaye Annick, Law Offices of Thibon-Liitaye. 

(54) Device [sic ?Process] for electrochemical conversion and electrochemical generator with a 
rechargeable electrode made of an clectroactive material. 

[Translator. note: The abstract, description, and the claims (and the English abstract of the corresponding 
European patent) are worded such that both a process and a device/generator are claimed.] 

(57) The present invention relates to an electrochemical conversion process using an electrochemical 
generator with a rechargeable electrode made of consumable clectroactive material, in the form of a 
divided solid, taken from a reservoir ( 1 4) associated with said generator to feed a pocket ( 1 2) delimiting 
said electrode, characterized in that it consists in controlling the feeding of said pocket (12) with 
electroactive material as'U function of a variation in potential detected locally in said pocket (12). 
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DEVICE [SIC 7PR0CESS1 FOR ELECTROCHEMICAL CONVERSION AND 
ELECTROCHEMICAL GENERATOR WITH A RECHARGEABLE ELECTRODE MADE OF 
AN ELECTROACTIVE MATERIAL 

The object of the preseni invention is to improve the design and the operating conditions of 
electrochemical generators or batteries such as those which may be destined for supplying energy to 
vehicle engines. 

In general, for this application, as for all other analogous industrial applications, the objective is, in 
particular, to be able to refuel the battery frequently between periods of operation in electrical discharge, 
which may be numerous and more or less short, without being forced to remove it. In addition, it is in this 
same context where one is vigorously assessing the specific characteristics of mechanically rechargeable 
electrodes made of a consumable eieciroaciive material in which the invention is more specifically 
interested. 

More precisely, in order to improve the design and the operating conditions of electrochemical generators, 
the invention proposes to make the replenishing of consumable electroaciive material of a rechargeable 
electrode automatic. Thus, it relates to a control process for feeding active material to a rechargeable 
electrode of a electrochemical generator or battery, as well as a device enabling implementation of this 
process and an electrochemical generator with a rechargeable electrode including such a device. 

It applies more specifically to electrochemical generators which have two electrode systems in contact with 
an electrolyte, with one of said systems having consumable metallic particles made of an electroactive 
material as its active pan, such as an electrochemical generator of the type of 
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of ihui described in the applicants French patent application no. 88 15703. 

According to its main charjcieristic. the invention relates to a process of electrochemical conversion using 
an electrochemical generator with a rechargeable electrode made of a consumable eleciroaciive material, in 
the form of a divided solid, taken from a reservoir associated with said generator to feed a pocket 
delimiting said electrode, characterized in that it consists in controlling the feeding of said pocket with 
cicciroactive material as a function of a variation in potential detected locally in said pocket. 

The object of such a process it thus to automatically maintain the replenishment of the pocket such that the 
characteristics of the generator remain virtually unchanged at an optimum level, which is realized by taking 
into account the difference in potential between the active electrode and the electrolyte during operation. 

According to a panicularly advantageous characteristic of the process according to the invention, the 
variation in potential is detected by measuring the difference in potential appearing during operation 
between two probes of which a first is placed in said pocket and a second is permanently in contact with an 
electrolyte in which said electrode is immersed; and the solid particles of the consumable electroactive 
material contained in said reservoir are compacted by gravity. 

The variation in potential thus detected enables detection of the level of solid panicles contained in the 
pocket. In effect, as soon as the first probe placed in the pocket is no longer in contact with panicles of 
electroactive material, a variation in potential is observed. This enables detection of the instant when the 
electrode needs to be recharged with electroactive material. 

The positioning of the first probe in the pocket relative to the bottom of this pocket defines the 
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level starting from which the electrode must be replenished for the characteristics of the generator to 
remain unchanged. 

Another object of the invention is to propose the realization of an electrochemical generaioi* with a 
rechargeable electrode including means appropriate to implement the process according to the invention. 

Advantageously, the reservoir of electroactive material of the generator has an intermediate trap separating 
an upper volume of said reservoir from means of feeding electroactive electrode material. 

The use of a intermediate volume or trap enables establishing the dose of particles of electroactive matcriul 
to be poured into the rechargeable electrode to enable it to return to an adequate fill level of consumable 
particles, with said volume thus acting as a feed trap for a prespecified dose of electroactive material lor 
the electrochemical generator. It also makes it possible to keep the material niling the upper volume of the 
reservoir from being contaminated by aerosol from the electrolyte. 

Moreover, it makes it possible to prepare a specific dose of particles to be poured into the pocket and thus 
to prevent the fill level of the pocket from reaching the electrolyte level. 

Advantageously, the generator has means for transfer of particles of electroactive material from said upper 
volume to said intermediate trap. 

Another object of the present invention is to propose a control process for feeding the electroactive 
material of a rechargeable electrode for an electrochemical generator according to the invention. 

The control process according to the invention includes, advantageously, the following steps, consisting in: 
measuringlhe difference in potential between said first and second probes; 
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triggering ihc opening of the feeding means for the eleciroaciive maierial of said electrode as soon 
as said difference in poteniial becomes lower lhan a prespecified minimum threshold: 
triggering the closing of said feeding means as soon as the difference in potential is higher than a 
prespecified maximum threshold. 

According to a particularly advantageous characteristic of the control process according to the invention, 
this consists in simultaneously triggering the opening of said feeding means and activating timing means 
for the opening of said transfer means, with said timing means triggering the opening upon expiration of a 
first predefined time interval, greater than the time interval necessary to pour the contents of said 
intermediate trap into said electrode, and triggering the closing of said transfer means at the end of a 
second predefined time interval, enabling the refilling of said intermediate trap by pouring in pan of the 
contents of the reservoir. 

According to a variant embodiment, the closing of said transfer means is triggered by detection of the fill 
level of said intermediate trap. 

The electroactive material used according to the invention is preferably made up of balls or granules or 
small cylinders obtained by cutting wire. 

Advantageously, the electrochemical generator according to the invention has means to measure the 
difference in potential between said rechargeable electrode and the electrolyte, and a logic unit for control 
including, on the one hand, means for comparison of said difference in potential relative to a minimum 
threshold and a maximum predefined threshold, and on the other, control means for the means to feed 
electroactive material to said electrode. 
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Advaniageously, the measuring means have a first electrical probe placed in the pocket delimiting the 
rechargeable electrode and connected by a first isolated electrical conductor to the logic unit for control, 
and the second electrical probe in permanent contact with the electrolyte and connected by a second 
isolated electrical conductor to the logic unit for control. 

This logic unit for control has, advantageously, a voltage comparator and a control relay triggered by this 
comparator. 

In the application to an electrochemical generator including an intermediate feeding volume, or trap, the 
device preferably has timing means for the opening of said transfer means of the intermediate trap, with 
said timing means being triggered by said logic unit for control. 

These liming means may be dimensioned so as to enable the opening of the transfer means as soon as the 
means of feeding are closed and so as to enable closing of said means of transfer at the end of the second 
interval of time corresponding to the time necessary to refill said intermediate trap. 

Another object of the present invention is to provide the means for transfer and feeding appropriate to 
implement the process of the invention in an electrochemical generator according to the invention. To this 
end. the generator according to the invention is characterized in that it has at least one first shutter member, 
in particular, of the throttle or slider type, suitable to periodically enable the establishment of 
communication of a collecting structure of said electrode with the reservoir of eleciroaciive particles of 
said electrode with the reservoir of electroaclive particles which feed said structure. This first shutter 
member constitutes the feeding means. 

Particularly advantageously, the generator has a second shutter, in particular of the throttle or 
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slider type, suiuibie to periodically enable esiablishmem of communication of ihe intermediate trap with 
said upper volume of the reservoir, with the intermediate trap thus being delimited by said first and second 
shutters. 

The intermediate trap is advantageously dimensioned so as to correspond with a specified volume of 
panicles which can be contained in the pocket, between a maximum upper level corresponding to a 
difference in potential equivalent to the second maximum predefmed threshold, and a critical low level 
corresponding to a difference in potential equivalent to the first predefmed minimum threshold. 

Said first shutter is advantageously made up of a cylindrical throttle in which holes enabling passage of 
said electroactive particles are disposed diametrically to each other, with the holes preferably having an 
elongated cross-section in the axis of the throttle. 

This shape of hole with an elongated cross-section, by more or less creating slits, is particularly suited for 
an elecirochemical generator in which the rechargeable electrode is defined by a pocket to receive particles 
of electroactive material, in particular in the cases in which such a pocket has within it channels defining 
the active zones appropriate for filling with electroactive material, which are separated from each other by 
inactive zones closed to the acceptance of the particles. 

In order to permit good pouring of the panicles, preferably, the width of the slits is equal to the width of 
the upper volume and of the trap in their parts immediately downstream and upstream from the shutter. In 
addition, the edges of the slits are advantageously made of a flexible material so as to prevent jamming of 
the particles. 

In order to permit good pouring of the panicles of the electroactive material into the intermediate trap, (he 
upper volume of the electroactive material has, advantageously, a cross-section perpendicular to the axis of 
the means of transfer decreasing in stair steps the clo.ser it is to said means of transfer. 
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According lo a preferred embodiment of the inveniion, said transfer means advantageously have two 
parallel cylinders with a space between them slightly less than the size of the solid particles contained in 
the reservoir and suitable lo be moved roiationally around their respective axis so as to entrain the solid 
panicles toward said intermediate trap. 

Advantageously, said cylinders have on their periphery a thickness of a flexible material suitable to be 
slightly crushed elasiically upon passage of the particles. 

As already indicated, the inveniion lends itself particularly well but not exclusively to an application in 
batteries where the rechargeable electrode made of particles of eleciroactive material is delimited and 
constituted by a pocket with a cellular structure. 

In this technology, this means, in particular, three-dimensional structures formed starting with foam of 
organic material with high porosity with open pores, which are covered on the inside with a metal cladding 
their pores. In general, the starting organic material is destroyed by combustion at the end of fabrication or 
at the time of the first use, such that entirely metallic electrode supports, extremely light and with a high 
specific surface, are thus produced. In the battery with rechargeable electrodes, this support accommodates 
the particles of the active material in its pores, and it acts as a single current collector over the entire 
electrode .surface destined to participate in the electrochemical process, in cooperation with the 
corresponding surface of an electrode with opposite polarity, which usually has. in contrast, an active 
surface which appears to be flat. 

This is the source of the interest in closing certain parts of such electrodes whether, for example, by 
compressing the cellular structure to reduce the dimension of the pores such that the particles 




-8-2669775 

of active maierial can no longer penetrate them. That is how channels of active zones and inactive spacer 
zones are defined. 

Moreover in this case, it is paaiculariy advantageous for proper operation of such an electrode that the 
entire pocket, or the channels comprising the active zones, be dimensioned in thickness so as to be able to 
initially accommodate from one to three particles of eleciroactive material, with these particles having, in 
general, a dimension between one and Tive millimeters. 

in fact, experience has shown that in the case in which a larger number of panicles were placed in the 
thickness of the pocket, those located in the center panicipated little or not at all in the anode reaction 
sought, but they were nevenheless the seat of corrosion phenomena. 

Similar channels may likewise be disposed outside any cellular structure by the shape given to one or a 
plurality of pockets delimiting the rechargeable electrode. 

Now, a specific embodiment of the invention which will elucidate the essential characteristics and the 
advantages shall be described in greater detail, with the understanding, hovyever. that the form of the 
embodiment of the materials described and the conditions of implementation of the process are selected by 
way of example and that they cannot be considered restrictive of the scope of the invention. This 
description is illustrated by the accompanying drawings, wherein: 

Fig. 1 depicts a cross-sectional view of an electrochemical generator according to the invention in which 
the rechargeable electrode feeding means and the transfer means are made up of slide type 
shutters; 

Fig. 2 depicts, in an exploded perspective view, an electrochemical generator according to the 
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inveniion in which the rechargeable electrode feeding means and the transfer means are made up 
of throttle type shutters; and 

Fig. 3 depicts a cross-section of a preferred embodiment of the transfer means according tC the invention. 

In these three figures, the same elements shall be designated by the same references and in the first figure, 
the control means according to the invention have been depicted schematically. 

The electrochemical generator depicted in Fig. 1 has a single electrolytic cell L whereas in industrial 
practice, it will more often have a series of cells. 

Thus, the figure presents an electrolytic vessel 1, in which two air electrodes 2 are disposed, each of which 
is a negative electrode of the type mechanically rechargeable with panicles 3 of aluminum thanks to a 
recharging system 4. The three electrodes are immersed in an electrolyte 9 contained in the vessel I. The 
aluminum electrode is disposed along the axis of the vessel I . The vessel I is closed by a bottom 5 and by 
an upper wall 6 with a central opening 7. The air electrodes of the generator are of the conventional triple 
contact type. They are exposed to the air 8 on their external face, and their internal face is in contact with 
the electrolyte 9. They may also be supplied with oxygen enriched air and constitute oxygen electrodes. 

A positive current collector 10 is disposed between the external face of the electrodes 2 and the wall of the 
vessel I. The negative electrodes' are linked to a collection circuit 1 1. The particles 3 are disposed in an 
axial pocket 12, itself disposed perpendicular to the plane of the figure in the central zone of the vessel, 
between the electrodes. An isolating spacer 13 is disposed between the pocket 12 and the internal face of 
the air electrodes 2. The operating principle of this 
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elecrrochemical generator, as far as electrochemical generation itself shall not be detailed here. For the 
operation of a generator of this type, one may, for example, refer to the patent application Tiled under the 
number 88 15703. 

The feed device 4 for solid consumable panicles 3 is composed of a reservoir 14 whose bottom 15 rests on 
a plate 16. 

This plate 16 is attached as a cover on the upper wall 6 of the vessel I and has an opening 17 located in the 
extension of the pocket 12. The reservoir 14 is integrated with the bottom 15 by the interposition of a first 
shutter 18 comprising the means of feeding the electroactive material of the rechargeable electrode. The 
device also has a second shutter 19 comprising the transfer means for active material from an intermediate 
trap 20 between the upper volume of the reservoir 14 and the pocket 12. The reservoir 14 is closed by a 
plug 21 which may be removed whenever the reservoir is empty to replenish it. The plug 21 is penetnued 
by an orifice 22 which ensures a balance of pressure between the inside of the reservoir and the outside. 

In the embodiment depicted in Fig. 1. the two shutters 18 and 19 are slider type shutters. A translational 
movement of these shutters in their respective slides 23 and 24 ensures, respectively, the establishment of 
communication of the intermediate trap 20 with the inside of the pocket 12 and that of the upper volume of 
the reservoir 14 with the intermediate trap 20. 

The control device of the feed of electroactive material, i.e., of particles 3 of the rechargeable electrode has 
a logic unit 25 for control including a voltage comparator and a relay. The voltage comparator comprises 
means of comparison of the difference in potential defined by a first electrical probe 26 placed in the 
pocket 12, and a second electrical probe 27. extending for its 
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pari, into the elecirolyie 9. The probes 26 and 27 thus define a poieniial difference al the lerminals of the 
voltage comparator of the logic unit 25 for control, each being connected to this unit by an isolated 
electrical conductor. 28 and 29, respectively. 

This difference in potential is to be compared with a minimum threshold and a maximum threshold, both 
of which are predefmed in said logic unit 25 for control, so as to trigger the relay of this comparison unit. 

The output terminals of the relay enable transferring the supply arriving to the logic unit 25 for control via 
two conductors 30 and 3 1 to means of control of the shutters 1 8 and 1 9 via electrical conductors 32 and 
33. These means of control of the shutters 18 and 19 comprise in this embodiment electromagnets 34 and 
35, whose role is to move the shutters in their respective slides, when the electromagnets are activated. 

For this purpose, the electromagnet 34 is connected directly to the logic unit 25 for control so as to open 
the shuiter 18 as soon as the difference in potential at the probes 26 and 27 becomes less than a minimum 
predefined threshold, in order to pour the particles 3 contained in the intermediate trap 20 into the pocket 
12. 

As for the second electromagnet 35, it is connected to the conductors 32 and 33 via timing means 36, 
comprising, for example, a clock relay which, after a predefmed interval of time necessary for the 
replenishment of the pocket 14 by the intermediate trap 20, will activate the electromagnet 35, thus causing 
the opening of the shutter 19 and the filling of the intermediate trap 20 from the upper volume of the 
reservoir 14 with a certain quantity of particles 3. This predefined interval 
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of lime is preferably dimensioned so as lo be slightly greater than the interval of lime necessary for pouring 
from the intermediate trap 20 into the pocket 12 so as to permit the shutter 18 to be closed before the 
opening of the shutter 19 by deactivation of the electromagnet 34 as a result of the opening of the relay of 
the logic unit 25 for control due to the elevation in the potential difference at the terminals of the probes 26 
and 27 until it reaches the predefmed maximum threshold. 

It is. in effect, important that the fill level of the pocket not exceed the electrolyte level. 

Ai ihe lime of the opening of the relay of the unit 25, the electromagnet 35 is, however, not deactivated, 
thanks to the separate power supply 37-38 of the clock relay 36 which, after a second interval of time 
necessary to replenish the intermediate trap 20, causes the closing of the shutter 19. 

It is also possible to replace the electromagnets 34 and 35 with motors. In this case, a reducer is placed on 
each motor engaged on the end leaving each shutter 18 or 19. 

Such a conirbl device can be adapted regardless of the type of rechargeable electrode. For this, it suffices 
to adapt the type of shutter to the electrode provided and to dimension the different voltage thresholds and 
the different intervals of time as a function of the characteristics desired. 

Moreover, the position of the probe 26 in the pocket 12 determines the minimum level of particles which 
the pocket must contain for the characteristics of the generator to remain virtually unchanged. 

To enable proper descent of the particles 3 in the reservoir 14 and optimum filling of the intermediate imp 
20. the reservoir 14 has a cross-section decreasing in stair steps as each particle 
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approaches the shuuer 19, as seen in Fig. 2, 

This figure depicts an exploded perspective view of an electrochemical generator according lo the 
invention, with the same references being used to designate the elements in common with Fig. 1. For 
clarity, the control device is not shown here. 

The embodiment depicted in this figure has as a shutter cylindrical throttles 39 and 40, respectively, which 
establish communication between the rechargeable electrode and the intennediate trap, or between the trap 
and the reservoir, no longer by a iranslational movement in a slide, but by rotation of the ihroule so as to 
vertically orient pass-through orifices 41 with which they are equipped. 

The means of control of the shutters are in this case preferably rfiade up of motors suitable to entrain the 
throttles in rotation. 

In a specific embodiment, the orifices of the throttle 39 comprising the feeding means have the shape of a 
slil 42 extending parallel to the axis of the throttle so as to permit a more regular distribution of the 
panicles in the pocket. 

This embodiment is particularly suited in the case of pocket electrodes with cellular structure which 
receive panicles of eleciroactive material, where the pocket has in it channels of active zones appropriate lo 
be filled with particles, separated from each other by inactive zones. 

Fig. 2 depicts the upper part of the ve!isel 1 , with a separator 43 separating the pocket 12 from the air 
electrodes. 

In the case of a pocket electrode, it has been demonstrated that good results have been obtained 
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with dimensioning of the thickness of the channels of active zones making ii possible to limit the number 
of panicles found at the same level in the thickness lo 3, at most, so as to prevent the corrosion of the 
panicles located in the center of the stack, with these wetted by the electrolyte while panicipating only a 
little in the electrochemical reaction of current generation. 

Fig. 3 depicts a preferred embodiment of the means of transfer of particles from the upper volume of the 
reservoir 14 to the intermediate trap 20. This variant comprises two cylinders 44 and 45 parallel with each 
other and spaced with a distance £ between them, dimensioned so as to be slightly less than the size of the 
panicles. The cylinders 44 and 45 are coated with a layer of rubber 46, 47 capable of being slightly 
compressed when the particles are entrained by rotation of the cylinders toward the intermediate trap 20. 
The rotation of the cylinders 44 and 43 in the direction of the arrows indicated in the Ttgure can be 
obtained using a motor associated with a gearing system located at the end of the axes of the cylinders or 
by any other means. 

For reasons of clarity of the description, the generators depicted in Fig. I and 2 were depicted with 
identical shutters for the means of feeding and the means of transfer. However, it will be preferable to use 
a shutter of the type depicted in Fig. 2 for the feeding means and a shutter of the type depicted in Fig. 3 for 
the transfer means. 

Of course, the invention is by no means restricted by the characteristics specified above or by the details of 
the specific embodiments selected to illustrate the invention. All sons of variants may be made in the 
specific embodiments which have been described by way of example and in their constituent elements 
without thereby leaving the scope of the invention. The invention thus encompasses all the means 
constituting technical equivalents of the means described as well as combinations thereof. 
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CLAIMS 

1 . An electrochemical conversion process using an electrochemical generator with a rechargeable 
electrode made of consumable electroactive material, in the form of a divided solid^ taken from u 
reservoir (14) associated with said generator to feed a pocket (12) delimiting said electrode, 
characterized in that it consists in controlling the feeding of said pocket (12) with electroactive 
material as a function of a variation of potential detected locally in said pocket ( 1 2). 

2. The electrochemical conversion process according to Claim 1, characterized in that said variation 
of potential is detected by measuring the difference in potential appearing, during operation, 
between two probes (26, 27), of which a first one is placed in said pocket (12) and of which a 
second is permanently in contact with an electrolyte (9) in which said electrode is immersed. 

3. The electrochemical conversion process according to Claim 1 or 2, characterized in that the solid 
particles of consumable electroactive material contained in said reservoir (14) are compacted there 
by gravity. 

4. The electrochemical conversion process according to any one of Claims I through 3, characterized 
in that said electroactive material is made up of particles, granules, or cylinders. 

5. An electrochemical generator with a rechargeable electrode, characterized in that it has means 
appropriate to implement the process according to any one of Claims I through 4. 

6. The electrochemical generator according to Claim 5, characterized in that said reservoir ( 1 4) of 
consumable electroactive material has an intermediate trap (20) separating an upper volume of said 
reservoir (14) from the means of supply of the electroactive material of said electrode. 
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7. The elecirochemical generator according lo Claim 6, characterized in that it has means of transfer 
of particles of electroaciive material from said upper volume to said intermediate trap (20). 

8. A control process of the feeding of eleciroaciive material to a rechargeable electrode for a 
generator according to any one of Claims 5 through 7, characterized in that it includes the 
following steps consisting in: 

measuring the difference in potential between said first and second probes (26, 27); 

triggering the opening of the feeding means for the electroaciive material of said electrode as soon 

as said difference in potential is lower than a prespecified minimum threshold; 

triggering the closing of said feeding means as soon as the difference in potential is higher than a 

prespecified maximum threshold. 

9. The control process according to Claim 8, characterized in that it includes the following steps* 
consisting in simultaneously triggering the opening of said supply means and activating timing 
means for the opening of said transfer means, with said timing means triggering the opening of 
said transfer means upon expiration of a first predefined time interval, greater than the time 
interval necessary to pour the contents of said intermediate trap (20) into said electrode, and 
triggering the closing of said transfer means at the end of a second predefined time interval, 
enabling the refilling of said intermediate trap (20) by pouring in part of the contents of the 
reservoir (14). 

10. The control process according to Claim 9, characterized in that the closing of said transfer means 
is triggered by detection of the fill level of said intermediate trap (20). 

1 1 . The electrochemical generator according to any one of Claims 5 through 7, characterized 
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in that ii has means appropriate lo innplemeni the process according lo any one of Claims 8 chrough 
10. 

1 2. The electrochemical generator according to Claim 1 1 , characterized in that it has means to 
measure the difference in potential between said rechargeable eiecirode and the electrolyte, and a 
logic unit for control (25) including, on the one hand, means for comparison of said difference in 
potential relative to a minimum threshold and possibly a predefined maximum threshold, and, on 
the other, control means for the means to feed electroactive material to said electrode. 

13. The electrochemical generator according to Claim 1 2, characterized in that said measuring means 
have a first electrical probe (26) placed in said pocket (12) delimiting the rechargeable electrode 
and connected by a first isolated electrical conductor (28) to said logic unit for control (25), and a 
second electrical probe immersed in the electrolyte (9) and connected by a .second isolated 
electrical conductor (29) to the logic unit for control (25). 

14. The electrochemical generator according to Claim 12 or 14 [sic 13], characterized in that said logic- 
unit for control (25) has a voltage comparator and a control relay triggered by said comparator. 

1 5. The electrochemical generator according to any one of Claims 1 2 through 1 4, characterized in that 
it has liming means (36) for the opening of said transfer means of the intermediate trap, with said 
timing means (36) being triggered by said logic unit for control (25). 



16. 



The electrochemical generator according to Claim 15, characterized in that the timing means (36) 
are dimensioned so as to enable the opening of the transfer means { 1 9, 24, 35) as soon as the 
means of supply ( 1 8, 23, 34) are closed, and so as to enable closing of said 
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means of iransfer ( 1 9, 24. 35) at the end of the second interval of lime necessary to refill said 
intermediate trap (20). 

The electrochemical generator according to any one of Claims 1 1 through 16, characterized in that 
it has at least one shutter member ( 1 8, 39), of the throttle or slider type, suitable to periodically 
enable the establishment of communication of a collecting structure of said electrode with said 
reservoir of electroaclive particles which must feed said structure. 

The electrochemical generator according to Claim 17, characterized in that said first shutter (39) is 
made up of a cylindrical throttle in which holes enabling passage of said eleciroactive particles are 
disposed dimetrically to each other, with the holes preferably having an elongated cross-section in 
the axis of the throttle. 

The electrochemical generator according to any one of Claims 1 1 through 1 8, characterized in that 
it has a second shutter (19, 40), of the throttle or slider type, suitable to periodically enable 
establishment of communication of said intermediate trap (20) with said upper volume of the 
reservoir (14), with said intermediate trap (20) thus being delimited by said frst and second 
shutters. 

The electrochemical generator according to any one of Claims i 1 through 18, characterized in that 
it has a second shutter made up of two parallel cylinders (44, 45) separated by a distance (e) 
slightly less than the size of the solid particles contained in the reservoir (14) and appropriate to be 
moved in rotation around their respective axis so as to entrain the solid particles toward said 
intermediate trap (20). 

The electrochemical generator according to Claim 20, characterized in that said cylinders (44. 45) 
have on their periphery a thickness (46, 47) in a flexible material appropriate to be slightly 
compressed elastically upon passage of particles. 
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22. The elecirochemica! generator according to any one of Claims 1 1 through 21 . characierized in thai 
the upper volume of the reservoir (14) has perpendicular to the axis of the means of transfer, a 
cross-section decreasing in stair steps as it approaches said means of transfer. 

23. The electrochemical generator according to any one of Claims 1 1 through 22, characterized in that 
it has at least one rechargeable electrode with cellular structure which receives particles of 
electroactive material, forming a pocket, where the pocket in turn has in it channels of active zones 
appropriate to be filled with electroactive material, separated from each other by inactive zones. 

24. The electrochemical generator according to any one of Claims 1 1 through 22, characterized in that 
it has at least one rechargeable electrode delimited by a pocket with channels of active zones 
appropriate to be filled with electroactive material, separated from each other by inactive zones. 



25. 



The electrochemical generator according to Claim 23 or 24, characterized in that said channels arc 
dimensioned in thickness so as to be able to initially receive from I to 3 panicles of electroactive 
material and in that these particles have a dimension between 1 and 5 mm. 
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